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DEVICE FOR INCREASING THE PARALLEL 
INDUCI‘ANCE OF A TRANSFORMER 

DESCRIPTION 

Technical Field 

This invention relates to a device for increasing the 
parallel inductance of a transformer. More particularly, 
the invention relates to a device for increasing the paral 
lel inductance of telephone line transformers. 

It is known that in a conventional telephone set the 
energy imparted to the microphone by the voice of the 
user is applied to a hybrid transformer which transfers 
part thereof to the telephone line itself and the remain 
ing part to a balancing circuit. Unless the impedance of 
this circuit exactly matches that of the line, part of the 
energy will be transferred to the telephone receiver; this 
is referred to as the sidetone effect. Although this trans 
fer is necessary, it should not exceed a suitable level 
because, as is well known, the higher the intensity of the 
acoustic energy being transferred, the more softly the 
user will tend to speak. In order to keep this effect 
within reasonable limits, the characteristics of the bal 
ancing circuit are selected as a function of the impe 
dance of the line to which the telephone set is con 
nected. Since conventional telephone sets are generally 
designed to be connected to common-carrier lines and 
central offices or exchanges, the impedance of the bal 
ancing circuit incorporated therein is made to match 
that of said lines and central offices; this circuit usually 
consists of a resistance-capacitance network. 
When a telephone set incorporating such a circuit is 

used in a private automatic branch exchange (PABX), 
the switching network of the PABX must be perfectly 
“transparent” if said circuit is to correctly perform its 
intended function. If, as frequently happens in elec 
tronic PABX’s, the line transformers exhibit a low in 
ductance, no balancing can be achieved. This difficulty 
may be overcome by increasing the values of the paral 
lel inductances of the PABX. 

BACKGROUND ART 

A simple solution is to use a line transformer whose 
windings exhibit a high inductance. However,’ this has 
the disadvantage of considerably increasing the size and 
the cost of the transformer; this solution, therefore, is 
hardly compatible with present miniaturization tech 
niquesand is uneconomical. 
The present invention proposes a solution that has 

none of these drawbacks. 

DISCLOSURE OF THE INVENTION 

In accordance with a ?rst aspect of this invention, an 
electronic circuit or element which exhibits a negative 
inductance is connected in parallel with the secondary 
winding of the line transformer. 

Since the equivalent inductance is inversely propor 
tional to the difference between the inductance of the 
transformer and that of said element, the value of the 
inductance may be as high as desired if the selected 
inductance of the element is close to that of the trans 
former. Negative inductance elements are well known 
in the art and can be manufactured in such a way that 
they will exhibit very precise characteristics, which 
allows their value to be readily selected as a function of 
the inductance of the transformer. It is also known to 

5 

40 

2 
fabricate small-size negative inductance elements at a 
reasonable cost. 

In accordance with another aspect of the invention, 
the parallel inductance of the line transformers in a 
space-division switching network incorporating middle 
junctors can be increased by connecting the negative 
inductance elements in the vicinity of the junctors 
rather than to the secondaries of the transformers. An 
advantage of this arrangement is that it necessitates a 
signi?cantly smaller number of negative inductance 
elements and thus allows the cost to be reduced still 
further. Also, since these elements are connected in the 
vicinity of the junctors, the circuits used to control the 
operation of the junctors can also be used to turn said 
elements on and off, thereby enhancing the operation of 
the entire network. 
The foregoing and other objects, features and advan 

tages of the invention will be apparent from the follow 
ing more particular description of a preferred embodi 
ment of the invention, as illustrated in the accompany 
ing drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of a conventional tele 
phone line circuit and of the circuit path set up between 
two line transformers through a middle junctor in a 
switching network. 
FIG. 2 shows an exemplary embodiment of the nega 

tive resistance element 32 of FIG. 1. 
FIG. 3 is a schematic diagram of the basic device of 

the present invention. 
FIG. 4 is a schematic diagram of a typical negative 

inductance element used in the present invention. 
FIG. 5 shows another embodiment of the device of 

the present invention wherein the negative inductance 
elements are located in the vicinity of the middle junc 
tors within the switching network. 

. FIG. 6 shows another embodiment of the device of 
FIG. 5. 
FIG. 7 shows the manner in which a negative induc 

, tance element such as that of FIG. 4 can be connected 
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to the device of FIG. 5. 
Referring now to the schematic diagram of FIG. 1, 

there are shown at A the basic components of a conven 
tional telephone set; at L, the telephone line connecting 
the set A to a PBX; at B, an extension circuit; and at C 
and J, respectively, the components of the PBX switch 
ing network and of a middle junctor connecting the set 
A to a trunk line A’ (not shown). 
The telephone set A is essentially comprised of: 
a microphone 1 and a receiver 2, ' 
a transformer 3 including a primary winding 4 and 
two identical secondary windings 5a and 5b con 
nected in series, 

a dial contact 6, 
a switch-hook 7, 
a bell 8 and a capacitor associated 
therewith 9, and 
a balancing circuit consisting of a resistor 10 and a 

capacitor 11. 
The voice currents from another subscriber that are 

transmitted via line L to the set A flow in the same 
direction through the windings 5a and 5b and induce a 
current in the winding 4. This current is converted into 
audible signals by the receiver 2. 
However, voice currents transmitted via line L from 

the microphone 1 to the PBX flow in opposite direc 
tions through the windings 5a and 5b of the transformer 
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3. If the impedance of the balancing circuit is equal to 
that of the line as seen from the terminals a and b of the 
set A, no current is induced in the winding 4 since the 
currents through the windings 5a and 5b are equal and 
flow in opposite directions. As a result, the user does 
not hear his own voice in the receiver. On the other 
hand, if the impedancesare not perfectly matched, the 
currents through the windings 5a and 5b are not equal 
and a current is induced in the winding 4. The user can 
then ‘hear his own voice, more or less weakly depending 

- on how well the circuit is balanced. 
The extension circuit B is essentially comprised of: 
a line transformer 12 including a primary 13, consist 

ing of two identical windings 13a and 13b, and a 
secondary 14, ’ 

two feeding resistors 15 and 16, 
two diodes 17 and 18, 
a decoupling capacitor 19, 
a —48 V supply, 
a loop current detection circuit 20, and 
a ringing current injection circuit 21. 
When the telephone set A is on the hook, i.e., not in 

use, the switchhook 7 holds the loop circuit open (as 
shown) and no DC current ?ows through the circuit. 
However, any ringing current injected by the circuit 21 
may actuate the bell 8. 
On the other hand, when the set A is off the hook, i.e., 

when the user has picked up the handset, a DC current 
flows through the loop from ground to the —48 V 
supply via the diode 18, the winding 1312, the resistor 10, 
the windings 5b and 5a, the winding 13a, the diode 17 
and the resistor 15. The presence or the absence of this 
current is detected by the circuit 20. The applicable 
information is transmitted by the circuit 20 to a control 
ler (not shown) which processes same and generates 
suitable instructions for establishing or inhibiting con 
nections as required. 
There is schematically shown at C a path to be fol 

lowed by the voice signals through the PBX switching 
network between the secondary 14 of the line trans 
former 12 associated with the telephone set A and the 
secondary 14' of a transformer (not shown) associated 
with the trunk line A’ connected thereto. 

In the illustrated embodiment, the switching network 
is of the folded type which includes several matrix 
stages, and whose crosspoint switches consist of con 
trolled recti?ers (schematically shown at 22-27). 
The middle junctor J comprises two transistors 28 

and 29 acting as a current sink, two diodes 30 and 31, a 
circuit 32 exhibiting a negative resistance (intended to 
compensate for the series current losses), and a transis 
tor 33. FIG. 2 is a detailed schematic diagram of a suit 
able circuit exhibiting a negative resistance. 
The connection between the subscriber A and the 

trunk line A’ is established in two steps. First, two DC 
current half-paths are set up from the —48 V supply to 
the ground of the transistors 28 and 29, respectively, by 
driving the bases of these transistors and the gates of the 
rectifiers 22-27. Then, the base of the transistor 33 is 
driven, thereby rendering the diodes 30 and 31 conduc 
tive and establishing a voice connection between the 
two half-paths. ‘ 

In accordance with a ?rst embodiment of the inven 
tion schematically shown in FIG. 3, a device 34-exhibit 
ing a negative inductance is connected across the sec 
ondary winding 14 of the line transformer 12. 

If the value of the inductance of the transformer 12 is 
designated as LP and the value of the negative induc 
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4 
tance exhibited by the device 34 as —L, then the apparent 
inductance LA of the line as seen from the wires a and 
b will be: 

Thus, by using a negative inductance of appropriate 
value, any high value of LA can be obtained. The 
higher the desired value of LA, the closer to LP the 
absolute value of L will have to be (the selected value of 
L must, however, be higher than that of LP so as to 
obtain a positive ratio). 

Referring next to FIG. 4, there is shown a conven 
tional circuit which exhibits a negative inductance and 
can advantageously be used in the present invention. 
This circuit only comprises three resistors R1, R2, R3, a 
capacitor C1 and an operational ampli?er AMP; its size 
would, therefore, be very small and its cost minimal. 

If we designate as LP the inductance of the trans 
former 12 and as LA the apparent inductance of the line 
as seen from the points a and b, we can write: 

It will be seen that, by selecting appropriate values of 
the elements R1, R3 and C1, the apparent inductance 
LA can be made to assume any high value desired. All 
that is required to do so is to select a value of the prod 
uct C1xR1xR3 that is sufficiently close to the value of 
LP, but exceeds LP so that the ratio will give a positive 
value of LA. 

Referring now to FIG. 5, another embodiment of the 
invention is shown. In this embodiment, instead of con 
necting a circuit exhibiting a negative inductance in 
parallel with the secondary winding of each of the line 
transformers, such circuits are connected in the vicinity 
of the junctors. This results in substantial savings since 
the number of junctors is much smaller than the number 
of line transformers. As shown in FIG. 5, negative in 
ductance circuits 35 and 36 are respectively connected 
between the anodes of the diodes 30 and 31 and the 
+24V supply through the switches 37 and 38 and the 
capacitors 39 and 40. The purpose of the switches 37 
and 38 is to turn the circuits 35 and 36 off when the 
junctor is off, so that no disturbances may be created by 
the circuits 35 and 36. The signals that control the 
switches 37 and 38 may be the same as those that con 
trol, for example, the transistors 28 and 29 or the transis 
tor 33. 
The purpose of the capacitors 39 and 40 is to prevent 

the DC current from ?owing through the circuits 35 
and 36. 
The value of each of the circuits 35 and 36 is adapted 

to increase the parallel inductance of a line transformer 
in a desired manner. _ 

FIG. 6 illustrates an alternative version of the em 
bodiment of FIG. 5 in which a single negative induc 
tance device is used to increase the inductance of two 
line transformers. To this end, it is necessary to replace 
the negative resistance circuit 32 of FIG. 5 by two 
similar circuits 41 and 42, the value of each of which is 
half that of the circuit 32, and to connect a single circuit 
43 exhibiting a negative inductance between the two 
circuits 41 and 42 and the +24V supply (this should 
preferably be done through a switch such as 44 and a 
capacitor such as 45). The value of the circuit 43 must, 
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of course, be such as to increase the parallel inductance 
of two line transformers to the extent desired. 

Referring now to FIG. 7, there is shown the manner 
in which a negative inductance circuit of the type illus 
trated in FIG. 4 can be connected to a device suchas 
that of FIG. 5, which is in accordance with this inven 
tion. 
While the invention has been particularly shown and 

described with reference to a, preferred embodiment 
thereof, it will be understood by those skilled in the art 
that numerous changes in form and detail may be made 
therein without departing from the spirit and scope of 
the invention. In particular, while the present descrip 
tion essentially relates to. telephone line transformers, 
the invention applies to any type of transformer.»Also, it 
will be appreciated that, in a telephone line switching 
network, the negative inductance device can be con 
nected anywhere within the network, provided it ap 
pears, after the physical connections have been made, to 
be connected in parallel with the secondary of the line 
transformer. 
Having thus described our invention, what we claim 

as new, and desire to secure by Letters Patent is: 
1. A telephone switching network for selectively 

connecting a plurality of telephone lines, said network 
including means to compensate for serial and parallel 
losses, comprising: 

a plurality of transformers having primary and sec 
ondary windings, said primary windings being 
respectively connected to said telephone lines, and 
said secondary windings each having a ?rst termi 
nal connected to a ?rst voltage source, 

a plurality of matrices having semiconductor cross 
point switches arranged and interconnected to 
form said network, and to de?ne a plurality of 
network inputs, 

a plurality of network outputs and a plurality of selec 
tively controllable half voice paths between said 
inputs and said outputs, said inputs being respec 
tively connected to second terminals of said trans 
former secondary windings, 

a plurality of controllable two-terminal junctors, said 
outputs being connected, in pairs, to the respective 
two terminals of said junctors, a ?rst terminal of 
any given junctor being also connected to a second 
voltage source through a ?rst switch and to a ?rst 
terminal "of a ?rst diode, with the potential differ 
ence between said ?rst voltage source and said 
junctor ?rst terminal being such that the semicon 
ductor switches of a path ending at said junctor 
?rst terminal are forward biased when said ?rst 
switch is closed, the second terminal of any given 
junctor being similarly connected to said second 
voltage source through a second switch and to a 
?rst terminal of a second diode, with the potential 
difference between said ?rst voltage source and 
said junctor second terminal being such that the 
semiconductor switches of a path ending at said 
junctor second terminal are forward biased when 
said second switch is closed, the second terminals 
of said ?rst and second diodes being both con 
nected to a third voltage source through two re 
spective resistors and a single common third 
switch, with the potential difference between said 
junctor ?rst and second terminals and said third 
voltage source being such that said ?rst and second 
diodes are forward biased when said ?rst, second 
and third switches are closed, 
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6 
a negative resistance element connected between the 

second terminals of each couple formed by said 
?rst and second diodes of a given junctor, 

and ?rst and second negative inductance elements, 
vthe ?rst one‘ being connected between the ?rst 
terminal of said ?rst diode and said ?rst voltage 
source, and'the second one being connected be 
tween the ?rst terminal of said second diode and 

' said ?rst voltage source. 
2. A telephone switching network for selectively 

connecting a plurality of telephone lines, said network 
including means to compensate for serial and parallel 
losses, comprising: ' 

a- plurality of transformers having primary and sec 
ondary windings, said primary windings being 
respectively connected to said telephone lines, and 
said secondary windings each having a ?rst termi 
nal connected to a ?rst voltage source, 

a plurality of matrices having semiconductor cross‘ 
point switches arranged and interconnected to 
form said network, and to de?ne a plurality of 
network inputs, a plurality of network outputs and 
a plurality of selectively controllable half voice 
paths between said inputs and said outputs, said 
inputs being respectively connected to second ter 
minals of said transformer secondary windings, 

a plurality of controllable two-terminal junctors, said 
outputs being connected, in pairs, to the respective 
two terminals of said junctors, a ?rst terminal of 
any given junctor being also connected to a second 
voltage source through a first switch and to a ?rst 
terminal of a ?rst diode, with the potential differ 
ence between said ?rst voltage source and said 
junctor ?rst terminal being such that the semicon 
ductor switches of a path ending at said junctor 
?rst terminal are forward biased when said ?rst 
switch is closed, the second terminal of any given 
junctor being similarly connected to said second 
voltage source through a second switch and to a 
?rst terminal of a second diode, with the potential 
difference between said ?rst voltage source and 
said junctor second terminal being such that the 
semiconductor switches of a path ending at said 
junctor second terminal are forward biased when 
said second switch is closed, the second terminals 
of said ?rst and second diodes being both con 
nected to a third voltage source through a single 
common third switch with the potential difference 
between said junctor ?rst and second terminals and 
said third voltage source being such that said ?rst 
and second diodes are forward biased when'said 
?rst, second and third switches are closed, 

?rst and second negative resistance elements con 
nected in series between the second terminal of said 
?rst diode and the second terminal of said second 
diode, said single common third switch being con 
nected between the common connection point of 
said ?rst and second negative resistance elements 
and said third voltage source, and 

a single negative inductance element connected be 
tween said common connection point and said ?rst 
voltage source. 

3. A network according to claim 1, wherein the value 
of each of said ?rst and second negative inductance 
elements is so selected that, when said element is electri 
cally connected in parallel with the secondary winding 
of a given one of said line transformers, said given trans 
former will exhibit the appropriate inductance to sub 
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stantially balance the hybrid circuit of a conventional 
telephone set connected to said line transformer. 

, 4. A network according to claim 2, wherein the value 
of said single negative inductance element is so ‘selected 
that, when said single element is electrically connected 
in'parallel with the secondary windings of two given 
ones of said line transformers, said given line transform 
ers will exhibit the appropriate inductance to substan 
tially balance the hybrid circuits of two conventional 
telephone sets connected to said two given line trans 
formers. 

5. A network according to claim 1 or 3, wherein a 
switch is interposed in each circuit which includes one 
of said'negative inductance element. 
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‘ '6. A network according to claim 1 or 3, wherein a 
capacitor is interposed in each circuit which includes 
one of said negative inductance elements. 

'7. A network according to claim 2 or 4, wherein a 
switch is interposed in the circuit which includes said 
single'negative inductance element. 

8. A network according to claim 2 or 4, wherein a 
capacitor is interposed in the circuit which includes said 
single negative inductance element. 

9. A network according to claim 5 wherein a capaci 
tor is interposed in each circuit which includes one of 
said negative inductance elements. 

10. A network according to claim 7, wherein a capac 
itor is interposed in the. circuit which includes said sin 
gle negative inductance element. 
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